Background: Reported associations of male circumcision (MC) with human papillomavirus (HPV) infection in men have been inconsistent. Methods: 4,033 healthy men were examined every six months for a median of 17.5 months. In each study visit, exfoliated cell specimens from the coronal sulcus/glans penis, penile shaft, and scrotum were collected and combined into one sample per person for HPV DNA detection. Samples were tested for 37 HPV types. Cox proportional hazards models were used to evaluate the association between MC and the incidence and clearance of HPV infections and specific genotypes.
Background
The majority of sexually active men and women will acquire genital human papillomavirus (HPV) infection at some point during their lifetime. In 2008, an estimated 610,000 cancers in men and women were attributed to HPV infection worldwide [1] . The natural history of cervical HPV infection is well characterized; however, little is known about genital HPV infection in men. A recent randomized controlled trial (RCT) of male circumcision (MC) in Uganda (Africa) showed that MC reduced the incidence of high-risk HPV (HR-HPV) infections and increased clearance of HR-HPV infections at the coronal sulcus [2] . However, findings regarding the role of MC in the incidence and clearance of genital HPV infections have not been consistent across studies [3] [4] [5] .
Our previously published data regarding the prevalence of genital HPV among all men enrolled in the HPV Infection in Men (HIM) Study showed no overall association between MC and genital HPV infections, except for certain HPV types [6] . The purpose of this study was to determine whether MC affects the incidence and clearance of genital HPV infections in a large, multinational cohort study of healthy men in Brazil, Mexico, and the United States (USA).
Methods

Study population
From June 2005 through September 2009, healthy men were enrolled in an ongoing longitudinal study of HPV infection in men, the HIM cohort study. Men were recruited from the general population, universities, and organized health-care systems. Details of the study have been previously described [7] . In brief, men were included if they 1) were aged 18-70 years, 2) were residents of southern Florida, USA, Cuernavaca, Mexico, or São Paulo, Brazil, 3) had no prior diagnosis of penile or anal cancer, 4) had no prior diagnosis of genital or anal warts, 5) had no current diagnosis or symptoms of sexually transmitted infections (STIs), 6) had not participated in an HPV vaccine study, 7) reported no previous diagnosis of HIV, 8) had not been imprisoned, homeless, or received drug treatment during the past six months, 9) were willing to commit to 10 scheduled visits every six months, and 10) had no plans to relocate within the next four years. Men who were eligible to participate reviewed and signed a written informed consent form. Before study initiation, the Human Subjects Committees of the University of South Florida, the Centro de Referencia e Tratamento de Doencas Sexualmente Transmissiveis e AIDS, Brazil, and The National Institute of Public Health of Mexico approved the research protocol.
Consenting participants completed a pre-enrollment visit, an enrollment visit scheduled approximately two weeks later, and eight additional visits after enrollment that occurred every six months over a period of four years. At each study visit, participants completed an 88-item computer-assisted self-interview (CASI) which collected information regarding sociodemographic characteristics, tobacco consumption, and sexual behavior. The primary languages spoken by participants from Brazil, Mexico, and the United States were Portuguese, Spanish, and English, respectively, and the CASI was available in these languages. After the interview, men underwent a clinical examination at which time circumcision status was assessed. Participants with full or partial circumcision were considered circumcised.
Penile and scrotal sampling
Sampling techniques have been described in detail previously [8] . Briefly, exfoliated epithelial cells from the coronal sulcus/glans penis, penile shaft, and scrotum were collected using three different saline pre-wetted Dacron swabs and combined into one sample before DNA extraction. Among uncircumcised men, the foreskin was sampled at the time of collecting the coronal sulcus/ glans penis specimen. All HPV samples were stored at −80°C prior to polymerase chain reaction (PCR) analysis and genotyping. These sampling procedures were standardized across the three countries, with one clinical site per country. Staff at each site collecting specimens and conducting physical exams were either medical doctors or nurse practitioners.
HPV analyses
The detailed protocol for HPV analysis has been previously described [8] . Briefly, DNA was extracted using the Media Kit (QIAGen, Valencia, CA, USA), according to the manufacturer's instructions. HPV testing was undertaken by use of PCR for amplification of a fragment of the HPV L1 gene. Specimens were tested for the presence of HPV with the PGMY09/11 L1 consensus primer system [9] . HPV genotyping was conducted on all specimens, regardless of the HPV PCR result, using the Linear Array method (Roche Molecular Diagnostics, Alameda, CA, USA) [10] [11] . Samples were considered valid if they were positive for β-globin and/or any HPV DNA genotype.
Statistical analysis
Differences in the distribution of sociodemographic characteristics, tobacco consumption, and sexual behavior characteristics by circumcision status were compared using the Pearson's chi-square test. Differences in the median time to follow-up by MC status were compared using a nonparametric equality of medians test.
The classification of "any HPV" was defined as a positive test result for at least one of the 37 HPV genotypes included in the Linear Array test. HPV detection of single or multiple oncogenic HPV types was classified as "oncogenic HPV". Similarly, HPV detection of single or multiple nononcogenic HPV types was classified as "non-oncogenic HPV".
HPV incidence by circumcision status was estimated according to different classifications of HPV types: any HPV, oncogenic HPV, non-oncogenic HPV, and for each specific HPV type. For each of the above analyses, only participants free of the relevant HPV type at enrollment were included. Men with concomitant incident HPV infections could contribute to several HPV classifications. Time to newly acquired HPV was estimated using the time from the date of study entry to the date of the first detection of HPV DNA, assuming a new infection arose at the date of detection. The exact 95% confidence intervals (CIs) for incidence estimates were based on the number of events modeled as a Poisson variable for the total person-months. The unit of observation was the individual participant, and each man with an incident HPV infection was counted only once during follow-up using only data from the first occurrence. Cumulative incidence of any HPV, HPV 16, oncogenic HPV, and non-oncogenic HPV types was estimated for circumcised and uncircumcised men using the KaplanMeier method.
Cox proportional hazards models were used to assess the association between HPV incidence and circumcision status [12] . Hazards ratios (HRs) and 95% CIs were used as measures of association for comparison of circumcised versus uncircumcised men. The proportional hazards assumption for the Cox models was tested [13] , and no violations were found, except in the nononcogenic HPV model. The non-oncogenic HPV incidence model was stratified according to age to reduce violations of the proportional hazards assumption.
HPV clearance was defined as a participant testing HPV negative at two subsequent consecutive visits following a positive HPV test result, excluding those testing HPV positive for the first time at a participant's final visit. Time to HPV clearance was estimated by using the time at which the participant first tested positive to the date of the first negative test. Median time to clearance was estimated among incident infections using the Kaplan-Meier method for any HPV, oncogenic HPV, non-oncogenic HPV, and for each specific HPV type, according to circumcision status. Analyses were performed for each individual HPV type. Men whose HPV infections did not clear were censored in the analysis.
Cox proportional hazards models with the robust covariance matrix estimator to account for within-subject correlation were used to assess the association between HPV clearance and circumcision status [12] . Men with HPV infections, regardless of baseline HPV status, were included in the models. HRs and 95% CIs were used as measures of association for the comparison of circumcised versus uncircumcised men. The proportional hazards assumption for the Cox models was tested [13] , and HPV clearance models were stratified according to age and country to reduce violations of the proportional hazards assumption.
An HPV infection was considered persistent if a man was HPV DNA-positive at two or more consecutive visits with the same specific HPV type, and an HPV infection was considered transient if a man was positive only once. When a participant missed a study visit, the results from the next visit were used.
The same variable selection procedure was used to evaluate factors associated with incidence and clearance of HPV infections. Factors that had a p-value < 0.10 were considered covariates. Backwards selection methods, with a significance threshold of 0.05, were used to identify covariates for inclusion in the final multivariable model. Candidate variables included education, marital status, smoking status, lifetime number of female sexual partners, lifetime number of male anal sex partners, number of female sexual partners in the past 3-6 months, number of male anal sex partners in the past 3 months, and sixmonth visit compliance status (i.e. whether the elapsed time between follow-up visits was longer than 6.5 months). Country (USA, Brazil, and Mexico) and age (categorical) were included in all models as study design factors. In addition, HPV status at baseline was a candidate variable in the HPV clearance models.
Statistical analyses were conducted using R 2.13.0 (R Development Core Team) and SAS software, version 9.2 (SAS Institute Inc., Cary, NC). Statistical tests were twosided, with a significance threshold of 0.05.
Results
Of the 4,074 initial HIM Study participants, 4,033 contributed valid samples for HPV DNA detection and were included in the analyses. Thus, 19 circumcised and 22 uncircumcised men (chi-square p-value = 0.03) contributed inadequate samples, as determined by both lack of β-globin detection and absence of any HPV genotype. The median duration of follow-up was 17.5 months (interquartile range [IQR], 6.9 -31.0 months) for this analysis. There were no significant differences in the median duration of follow-up for circumcised (17.9 months) versus uncircumcised men (17.1 months) (p = 0.5 for nonparametric equality of medians test). More than 60% of men contributed at least 4 visits (IQR, 3 -6 visits). The majority of men were uncircumcised (63.6%) ( Table 1) . Sociodemographic and behavioral characteristics of men varied by circumcision status. Circumcised men were generally younger (mean age: 31 vs. 33 years) and were residents of the USA (72.7%). Statistically significant differences by circumcision status were observed for marital status, sexual orientation, lifetime number of female sexual partners, number of female sexual partners in the past 3-6 months, lifetime number of male sexual partners, number of male anal sexual partners in past 3 months, selfreported diagnosis of STIs, and six-month visit compliance status (Table 1) .
HPV incidence by MC status
Kaplan-Meier analyses showed that the overall incidence of any HPV did not differ by circumcision status (P = 0.287, log-rank test). Similarly, incidence of HPV 16, oncogenic HPV, and non-oncogenic HPV did not differ by circumcision status (Figure 1 ). Estimates for incidence per 100 person-years of any HPV, oncogenic HPV, and non-oncogenic HPV were 50.5, 28.4, and 39.8, respectively, among uncircumcised men, and 45.6, 28.7, and 34.0, respectively, among circumcised men (Table 2) . However, the incidence of oncogenic HPV types 39, 51, In univariate and multivariate analyses, no differences in the risk of HPV incidence by circumcision status were observed (Table 3) . A total of 359 circumcised men (48.2%) had an incident infection, compared with 555 uncircumcised men (47.3%). For any HPV, no differences in incidence were found by circumcision status in univariate and multivariate analyses (adjusted hazard ratio [aHR] 1.08, 95% CI 0.91-1.27). Similarly, no differences in incidence were found by circumcision status for oncogenic HPV (aHR 1.11, 95% CI 0.94-1.31) and nononcogenic HPV (aHR 1.11, 95% CI 0.94-1.30). The magnitude of the associations remained the same after adjustment for potential confounders, including sociodemographic characteristics and sexual behavior, or when changing the unit of analysis from men to infection (data not shown). Results were consistent when analyses were stratified by country of residence (data not shown).
HPV clearance by MC status
Kaplan-Meier analyses showed that the median time to clearance of any HPV infection was significantly longer among circumcised men than uncircumcised men (P < 0.0001, log-rank test) (Figure 2) . Similarly, median time to clearance of oncogenic HPV and non-oncogenic HPV types was significantly shorter among uncircumcised men than circumcised men. Median time to clearance was also significantly shorter among uncircumcised men than circumcised men for HPV types 6 (HR 0.60, 95% CI 0.44-0.81), 16 (HR 0.56, 95% CI 0.42-0.75), and 51 (HR 0.72, 95% CI 0.54-0.95) (Table 4) . Correspondingly, the probability of clearing an HPV infection was significantly lower among circumcised men compared to uncircumcised men. However, median time to clearance was significantly shorter among circumcised men compared to uncircumcised men for HPV 33 (HR 2.54, 95% CI 1.12-5.73). Although the median time to clearance for HPV 64 was significantly shorter among circumcised versus uncircumcised men, the corresponding HR did not reach statistical significance (HR 6.06, 95% CI 0.84-43.74).
Univariate and multivariate analyses for clearance are presented in Table 5 . HPV clearance was significantly decreased for any HPV infection among circumcised men compared to uncircumcised men in the univariate analysis (HR 0.92, 95% CI 0.86-0.99). However, after (Table 6 ) versus persistent (Table 7) HPV infections. Moreover, similar results were observed when analyses were stratified by country of residence (data not shown).
Discussion
MC was not associated with an overall reduction in the incidence of genital HPV detection in men. Other longitudinal studies also found no differences in the risk of HPV incidence by MC [3] [4] [5] . Lu et al. [3] and Hernandez et al. [4] used combined samples from the coronal sulcus, glans penis, shaft of the penis, and scrotum for HPV detection and found no differences in HPV acquisition by MC. Although VanBuskirk et al. [5] observed site-specific differences in HPV incidence by MC, they found no differences in overall HPV incidence by MC at any site (penile shaft, glans/corona, and scrotum). Our findings are not consistent with those from a RCT conducted in Uganda, which found that MC reduced the incidence of HR-HPV infections (rate ratio [RR] 0.67, 95% CI 0.50-0.90) [2] . However, this RCT was not comparable to our study, as they reported associations with specimens collected from only the coronal sulcus [2] . Despite the lack of evidence for an overall association, we did find higher HPV incidences rates in uncircumcised men than in circumcised men for most genotypes. These differences were statistically significant for HPV types 58, 68, 42, 61, 71, 81, and IS39. In contrast, the incidence of oncogenic HPV types 39 and 51 were significantly higher among circumcised than uncircumcised men. Consistent with our study, VanBuskirk et al. [5] reported higher HPV incidence among uncircumcised than circumcised men for >50% of the 21 specific HPV types assessed. Moreover, the RCT in Uganda found that HPV incidence was higher among uncircumcised men than among circumcised men for all HR-HPV genotypes, being statistically significant for HR-HPV types 18 and 33 [2] . No differences in overall HPV clearance by MC were observed in our study. This finding is in agreement with findings from other longitudinal studies [4, 5] . VanBuskirk et al. [5] found that MC had no effect on the likelihood of detecting a persistent versus transient HPV infection over an 8-month period. Hernandez et al. [4] found that the duration of HPV infection did not vary by MC for the penile shaft, scrotum, or for all genital sites combined. However, the median duration of HPV infection at the glans/coronal sulcus was significantly longer in uncircumcised men that in circumcised men [4] . Similarly, MC increased clearance rates of HR-HPV infections at the coronal sulcus in the Uganda RCT [2] . In the study by Lu et al. [3] , circumcised men were more likely to clear infection with any HPV and oncogenic HPV types using a combined HPV sample from the coronal sulcus, glans penis, shaft, and scrotum for HPV detection.
Differences in HPV clearance by MC for certain HPV types were observed in the present study. Median times to clearance for HPV types 33 and 64 were significantly shorter among circumcised men compared to uncircumcised men. The RCT in Uganda reported higher rates of clearance among circumcised men than uncircumcised men at the coronal sulcus for most HR-HPV types, but the differences were only statistically significant for HR-HPV types 39, 51, and 58 [2] . In contrast, we found that the median times to clearance for HPV types 16, 51, and 6 were significantly longer among circumcised men than uncircumcised men.
Even though our study was not designed to assess the effects of MC and HPV by anatomic genital subsite, there is evidence from the literature that the association between MC and HPV DNA detection varies according to the subsite sampled. Four out of five studies show that the effect of MC in reducing HPV infection is stronger at the glans/corona than at other, more distant, subsites [14] [15] [16] [17] [18] . Weaver et al. [14] , found that HPV prevalence was significantly lower among circumcised men (17%) compared to uncircumcised men (32%) on the glans and foreskin. Interestingly, and consistent with our findings, when combining results from all subsites, overall HPV prevalence was similar between circumcised (31%) and uncircumcised (29%) men. Consistent with these results, a study by Nielson et al. [15] reported that HPV prevalence at the glans penis/coronal sulcus was significantly lower among circumcised men (29.8%) compared to uncircumcised men (35.2%). However, HPV prevalence combining the glans, shaft, and scrotum was similar in circumcised (48.3%) and uncircumcised men (44.8%). In another US study, Hernandez et al. [16] reported a significantly lower HPV prevalence at the glans penis/coronal sulcus among circumcised men (29%) compared to uncircumcised men (46%). However, HPV prevalence at the external genitalia was similar among circumcised (63%) versus uncircumcised (71%) men. At year 1 in the RCT in Uganda [17] , HR-HPV types were more frequently detected on the coronal sulcus than on the penile shaft among both circumcised and uncircumcised men. In addition, HR-HPV prevalence at year 1 on the penile coronal sulcus was significantly lower among circumcised men (21.5%) as compared to uncircumcised men (36.3%). Finally, a study by Partridge et al. [18] , conducted among male university students in the USA, found that circumcision status was not associated with incident HPV infection for any of the individual subsites or for all sites combined.
Further supporting the evidence for an effect of MC on HPV infection on the proximal region of the penis, three additional studies reported specific inverse associations between MC and HPV infection in the glans, coronal sulcus, and the distal urethra [19] , the glans and coronal sulcus [20] , or the urethra [21] .
In addition to the subsites included for HPV DNA detection, several other factors may explain the contrasting effects observed across studies, such as differences in participants' ages, the proportion of circumcised men, the number of HPV genotypes included in testing, the time intervals between visits, and the age at which circumcision was performed.
To our knowledge, this is the first international study reporting HPV incidence and clearance by specific HPV types in circumcised and uncircumcised men. With a sample size of 4,033 men, it is also the largest study exploring these associations. A key strength of the present study is its longitudinal design, which allowed repeated measures of genital HPV DNA status for each participant, with a median follow-up of 17.5 months and scheduled visits every six months.
Our study, despite being large, multinational, and prospective, is not free of some limitations, including: (1) the potential for misclassification of HPV infection, as we combined samples from different anatomic subsites; (2) the potential for misclassification of prevalent infections as incident infections, which may inflate the estimates of cumulative incidence; (3) the possibility of not distinguishing HPV clearance from failure to detect a true HPV infection, even though two HPV negative results following one positive result were required to define HPV clearance; (4) potentially limited generalizability, as only men willing to comply with multiple clinical visits over four years were included in the study; and (5) the potential for confounding, as there may have been relevant factors related to religious or cultural practices that may also be associated with both MC status and HPV incidence or clearance that were not taken into account.
